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(i)1. Current literature highlights
1.1. Peptoid positional scanning library for identiﬁcation of
multidrug resistance reversal agents
Peptoids, or N-alkylglycine oligomers, are non-natural
compounds with wide-ranging biological activities. Of par-
ticular interest for drug discovery is their greater proteo-
lytic stability and bioavailability than the respective
peptide analogues, a corollary of their side-chains being
nitrogen-bound rather than fused to the a-carbons. The
modular approach to the synthesis of peptoids has been
exploited previously in combinatorial library synthesis,
for example the split-and-mix synthesis of peptoids has
been used for the identiﬁcation of new antibacterial com-
pounds. The modular composition of peptoids has also
been used to synthesise and screen libraries of oligomers
in a positional scanning format. A single peptoid library
in this format could be used, in principle, to identify hit
compounds for multiple biological targets.
One drawback for this particular synthetic approach is the
propensity for side reactions to occur, providing for low
overall yields, attributable to primary amines functional-
ised with tertiary amino moieties being employed at the
medial or C-terminal position of a trimer. To obviate these
problems, a new positional scanning library has been
explored.1
In this recent work, a library of 5120 N-alkylglycine trimers
were prepared on solid-phase Rink amide linked AM
RAM polystyrene resin, in mixtures of either 256 or 320,
depending on the sub-library synthesised. The general
structures of ﬁnal compounds, cleaved from the resin, by
the use of triﬂuoroacetic acid, is depicted as (i) below.doi:10.1016/j.comche.2006.03.002
E-mail: nick.terrett@pﬁzer.comThe synthesis of a ‘reporter peptoid’ containing three
diﬀerent 2-arylsubstituted ethylamines to facilitate UV
monitoring was incorporated into the library construction
sequence. The mass spectral analysis at diﬀerent stages
of the reporter synthesis indicated the presence of the
expected peptoid fragments.Multidrug resistance (MDR) to anticancer agents remains
a major cause of failure in cancer chemotherapy. This phe-
nomenon is often associated with overexpression of trans-
membrane glycoprotein (P-gp) encoded by the human
MDR1 gene, which acts as a drug-eﬄux pump. This pro-
tein is thus considered a valid target for cancer chemother-
apy. Screening of this peptoid library (general formula i)
was carried out using an in vitro assay based on the accu-
mulation of daunomycin on drug resistant, P-gp over-
expressing murine cell lines. Upon exposing library
compounds to this assay, a number of active mixtures were
identiﬁed. These mixtures underwent deconvolution to
identify 20 active compounds.
Upon re-screening, two peptoids (ii and iii) were identiﬁed
that caused a higher intracellular accumulation of dauno-
mycin than verapamil at the same 5 lM dose. Cytotoxicity
studies revealed that (ii) and (iii) decreased MDR in leu-
kaemia cells by more than 3-fold, presumably by blocking
P-gp eﬄux. The structural simplicity of these peptoids
makes them amenable to structural manipulation, thus
facilitating the optimisation of lead molecules for drug-like
properties.
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Cancer is projected to become the leading cause of mortal-
ity within the United States in the near future; currently it
is the second leading cause of death after cardiovascular
disease. Consequently there is still a signiﬁcant medical
need for new small molecule anticancer therapeutics.
Researchers at Sankyo Co. Ltd. have performed a ﬁle
screen of their compound repository and identiﬁed (iv) as
one of the most promising screening hits.2
Although this compound displayed good potency and
selective cytotoxicity against a tumourigenic cell line, with
an EC50 of 26 ng/mL, the results of an in vivo anti-tumour
test was disappointing. This lack of activity in vivo was as-
cribed to poor metabolic stability and thus the aim was to
improve this, ﬁrstly by preparing a solid phase library to
vary the acyl group in region 1, then a parallel solution-
phase library synthesis for optimisation of region 2 via
acylation of the exocyclic nitrogen.S
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(x)For the solid phase chemistry, a polystyrene supported
BAL-type linker (4-(4-formyl-3-methoxyphenoxy)butyryl-
amide) resin (v) was used to prepare 200 compounds.
Individual library members were identiﬁed via radio fre-quency encoding using IRORITM tags and MiniKanTM
technologies. Compounds synthesised were screened for
selective cytotoxicity against a tumourigenic cell line, and
screening delivered a number of potent compounds, includ-
ing (vi), which displayed an EC50 of 15 ng/mL in the cyto-
toxicity assay.For the solution phase library (vii) was acylated with the
optimum acylating agent (2,6-dichlorophenyl) identiﬁed
from the ﬁrst solid phase library, to give (viii). After treat-
ment with acid to reveal the primary (exocyclic) amine unit,
this group was reacted with a variety of acylating agents.
After screening against the same selective cytotoxicity as-
say, one of the most potent compounds isolated was (ix)
with an EC50 of 2.5 ng/mL. Returning to the original goal
of improved metabolic stability, compound (x) was chosen
for pharmacokinetic studies in mice. This compound,
although no more potent than the optimised acylated ana-
logue from the ﬁrst solid phase library (vi), did display sig-
niﬁcantly better metabolic stability. Replacing the nitro
N. K. Terrett / Combinatorial Chemistry - An Online Journal 8 (2006) 15–19 17(acyl) group of the initial screening hit (iv) to give the di-
chloro derivative (vi) improved metabolic stability, and
replacing the lipophilic cyclohexyl group of (vi) with the
cyclopropyl to give (x) further improved metabolic stabil-
ity. Compound (x) demonstrated a strong inhibitory
eﬀect on tumour growth in vivo with a single dosing at
20 mg/kg.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A solid phase strategy has been developed for the synthesis
of 3-(5-arylpyridin-2-yl)-4-hydroxycoumarins. The key
transformation is an intramolecular ipso substitution reac-
tion which forms the coumarin heterocycle and culminates
with cleavage of product from the polymer support.3
An eﬃcient and simple approach for the solid-phase syn-
thesis of 2,4,6-triaminopyrimidines and 2-alkyl-4,6-di-
aminopyrimidines has been reported where the primary
amines were immobilised on 2-(4-formyl-3-methoxyphen-
oxy)ethyl polystyrene resin via reductive amination.4
Monodisperse oligo[(1,4-phenyleneethynylene)-alt-(2,5-thio-
pheneethynylene)]s, new candidates for molecular wires,
were rapidly synthesised via an iterative divergent/conver-
gent doubling strategy in solution as well as on Merriﬁeld
resin.5
A new strategy for solid-phase synthesis of 2,5-disubsti-
tuted 1,3,4-oxadiazoles has been developed from resin-
bound acylhydrazines, providing products in 78–88% over-
all yields and excellent purity.6
2.2. Solution-phase synthesis
A combinatorial synthetic route yielding fused tetraz-
olo[1,5-a]quinoxalines has been described. The use of 2-ﬂu-
orophenylisocyanide in the Ugi-tetrazole reaction followed
by a nucleophilic aromatic substitution aﬀords the tricylic
tetrazolo[1,5-a]quinoxaline moiety in good yields and with
high diversity.7
Novel pyrimidine-fused 5,6-dihydrobenzodiazepines were
prepared via a Pictet–Spengler-like cyclisation, and this
strategy may provide an eﬃcient method to access a library
of compounds based on privileged substructures of interest
in drug discovery.8
2.3. Scaﬀolds for combinatorial libraries
A highly eﬃcient and environmentally friendly synthesis of
Fmoc-N-methyl a- and b-amino acids, suitable for solid-
phase synthesis, from the corresponding Fmoc-amino acid,
via intermediate oxazolidinones/oxazinanones, has been
developed.9
Cyanamide reacts with enamines and isocyanides in the
presence of Lewis acids to give the hitherto unknown scaf-
fold 2-amino-(N-cyano)-amidines, useful for combinatorial
chemistry.10A convenient route to 4-phenyl-5-aminothiazoles, that can
be used as building blocks for library synthesis, has been
described.11
A novel one-pot-synthesis of highly substituted indol-2-
ones using a combination of Ugi and Heck reactions has
been described. The synthesised indol-2-ones represent an
interesting pharmacological scaﬀold with four potential
points of diversity, and thus amenable to combinatorial
high-throughput screening.12
The stereoselective synthesis of 2-azabicyclo[2.2.1]heptane-
1-carboxylic acid and 6-azabicyclo[3.2.1]octane-5-carbox-
ylic acid, novel rigid bicyclic proline analogues, has been
reported. The three amino acids constitute a library of con-
formationally constrained proline analogues, which can be
used for the design of peptidomimetics and peptide
models.132.4. Solid-phase supported reagents
Diﬀerent N-methylimidazolium supported ligands have
been easily synthesised, and the palladium complexes de-
rived from those materials can be used for the catalysis
of the Heck reaction giving excellent yields and
selectivities.14
Alumina encapsulated phosphorus pentasulﬁde (P4S10/
Al2O3) was found to be an eﬃcient solid supported reagent
for the thionation of long chain amides. This method is
advantageous in terms of use of inexpensive reagent, simple
reaction processing, and clean product in good to excellent
yield.15
Dimeric cinchonine, cinchonidine, and quinine have been
anchored (via nitrogen) to long linear PEG chains to aﬀord
soluble polymer-supported chiral ammonium salts, which
were employed as phase-transfer catalysts in the asymmet-
ric epoxidation of chalcones.162.5. Novel resins, linkers and techniques
A novel linker cleavable under neutral conditions has been
developed for the solid-phase synthesis of base-labile com-
pounds. The linker is comprised of a 3-azidomethyl-4-
hydroxybenzyl alcohol moiety. The azidomethyl group is
readily converted to an aminomethyl group by treatment
with a phosphine reagent to result in an intramolecular cyc-
lisation to release the compounds.172.6. Library applications
A peptidocalix[4]arene library consisting of 1000 members
that was suitable for peptide recognition in aqueous media
has been prepared. Electrostatic interaction between the
host and guest molecules was the most important factor
for binding in aqueous media.18
A reliable and operationally simple procedure for the syn-
thesis of 2,2-dimethylpropane-1,3-diyl ethynylaryl boro-
nates has been developed. The boronates prepared can be
used in the construction of diboronic acid libraries through
18 N. K. Terrett / Combinatorial Chemistry - An Online Journal 8 (2006) 15–19[2+3] Huisgen cycloaddition for carbohydrate ﬂuorescent
sensor development.19
A small library of bicyclic carbohydrate derivatives was
synthesised and screened, and a strong and selective activ-
ity against cytomegalovirus was found.20
The syntheses of potent small molecule inhibitors of the
CDK2/cyclinA recruitment site have been described.
Side-chain optimisation and rigidiﬁcation of the peptide
backbone was achieved using a combination of solid-phase
parallel synthesis and structure-based design.21
A terphenyl a-helix mimetic scaﬀold recognised to be capa-
ble of disrupting protein–protein interactions was structur-
ally morphed into an easily amenable and versatile
multicomponent reaction (MCR) backbone. The design,
modular in-parallel library synthesis, initial cell based bio-
logical data, and preliminary in vitro screening for the dis-
ruption of the Bcl-w/Bak protein–protein interaction by
representatives of the MCR derived scaﬀold have been
presented.22
A new noncovalent glycoarray assembly method for micro-
plates created by simply mixing together a carbohydrate
and a tetradecylamine has been reported. a-Mannose was
utilised in the model study and product formation was de-
tected by lectin binding.23
The diversity-oriented chemical modiﬁcation of heparin is
shown to aﬀord charge-reduced heparin derivatives that
possess increased selectivity for binding heparin-binding
proteins. N-Desulphonated heparin fractions were selec-
tively N-acylated with structurally diverse carboxylic acids
using a parallel synthesis protocol to generate a library of
133 heparin-derived structures.24
A combinatorial library based on the DNA binding do-
main of the human retinoid-X-receptor (hRXRa) has been
designed. This domain was chosen because of its small size,
stable fold, and two closely juxtaposed recognition loops,
and the two loops were replaced with segments of random
amino acids.25References
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